We consider theoretically and empirically the allocation of time and money within the household. The novelty of our empirical work is that we have a survey which provides information on both time use and the allocation of some goods within the household, for the same households. We can consider whether a partner who enjoys more leisure also receives more consumption, which looks like the outcome of 'power' within the household, or receives less consumption, which looks like di¤ering tastes across households.
Introduction
The most consistent …nding regarding time use across countries and over time is that, on average, married men do more market work and less housework than married women. It has also been found that, on average, married men and women enjoy much the same leisure. 1 These averages, however, mask very marked heterogeneity in time use within individual households. Thus we …nd some households in which one partner does a good deal more work (in the market and in the home) than the other partner and enjoys less leisure. There are a number of possible rationale for this. First, there may be heterogeneity in the tastes for lesiure (relative to consumption) within the household. Second, wages and/or productivity in home production may vary, which would induce di¤erences in the leisure taken. Finally, 'power'may be distributed unevenly within the household and the 'low power' individual may be required to work more. Data on time use alone do not su¢ ce to identify the relative importance of these three factors. To identify this, we need to observe other outcomes within the household. The distribution of material welfare within the household depends on two elements: individual time use and the allocation of expenditures. Time use surveys give a good picture of the distribution of time to market work, housework, leisure and personal care between partners but do not have comparable information on expenditures. This means that we cannot convincingly identify the causes of di¤erences in lesiures nor make the mapping from time use to welfare.
As an example that we shall often return to below, consider a household comprising of a married couple in which the wife works more (in the home and in the market) as compared to other women with similar characteristics, wage of husband and wife and household …nancial situation. To make the link to her material welfare relative to other women, we need to know what is happening to the distribution of goods within the household. If we observed that she receives more goods than we would predict, then we could attribute the observation to her having a high taste for goods relative to leisure. 2 If, on the other hand, we observed that she also receives less goods then it looks as though she lacks 'power'within the household and that the distribution of material well-being within the household is skewed towards the husband. Clearly, we need to observe both sets of outcomes (the allocation of time and money) to calculate the intra-household distribution of material well-being and its determinants.
The traditional focus of welfare analysis has been on the distribution of material well-being across households -the inter-household distribution. The household has been viewed as one unit, and it has implicitly been assumed that household members do not have con ‡icting interests. This description is usually referred to as the 'unitary'model. In the past two decades there have been a number of analyses of the situation in which household members have con ‡icting objectives and a growing interest regarding the distribution of material well-being within the household; that is, the intra-household distribution of material well-being. A number of di¤erent approaches have been suggested; see Browning, Chiappori and Lechene (2005) for references. One particularly popular approach is to assume that, however decisions are made, the outcome is always Pareto-e¢ cient, see Chiappori (1988) , Apps and Rees (1988) and Browning and Chiappori (1998) . This assumption is central in the 'collective model'where the distribution of 'power'in the household contributes to determining intra-household distribution. This paper explores and compares the implications of adopting a 'unitary' versus a 'collective' framework to describe the allocation of material well-being -that is, lesiure and consumption.
The intra-household allocation of expenditures has been the principal focus in a number of theoretical and empirical studies during the last two decades, (see, for example, Browning et al (1994) , Lundberg et al (1996) and Phipps and Burton (1998) ). Other studies have dealt with the intrahousehold allocation of time, see Chiappori (1992) , Chiappori (1997) , Apps and Rees (1996) and (1997), Donni (2004) and Donni (2007) . Apps and Rees address the question of whether household members exchange time for consumption and stress the need for data on the simultaneous allocation of time and consumption within households.
Below we present an empirical analysis based on a survey of Danish households that was speci…cally designed for the research reported in this paper. The survey is unique in the sense that it collects both time use data and information on the intra-household allocation of goods for the same households. As far as we are aware, this is the …rst time that data on time use and the allocation of goods within the household have been available in the same survey. This gives us the opportunity to present a much fuller picture of the distribution of material well-being within the household than has been possible in the past. In the next section we give a description of our data col-lection and some descriptive results for time use and individual expenditures. In section 3 we present a simple theoretical model designed to isolate the effects discussed above. We choose a simple parameterisation for two reasons. First, it allows us to discuss clearly what we think are the main theoretical issues without excessive concern for perverse e¤ects due to strong substitutability or complementarity between the consumption of di¤erent goods and time use. Second, our parameterisation leads to a structural model that yields linear reduced forms that can be taken to the data. Also in section 3, we discuss how to account for observed and unobserved heterogeneity and present our identi…cation scheme. An important aspect of our identi…cation scheme is that we can allow that wages are endogenous through their correlation with unobservable tastes for work. In section 4 we present an empirical structural analysis of the data on time use and the allocation of goods within the household.
The Danish Time Use Survey

Background
Our data are from the Danish Time Use Survey (DTUS). This survey provides detailed information on time use for more than 2700 Danish individuals in 2001 of whom about 1700 lived with a partner. The DTUS survey is representative of the Danish population and complies with methodologies developed at the EU level for conducting time use surveys; see Bonke (2005) for a detailed description. For married and cohabiting respondents, the partner in the household was also asked to participate in the survey. For each person who recorded their time use we have two sources of information on time use. First, each respondent …lled in a diary stating their activities at a detailed level every 15 minutes in two 24-hour periods, one a week-day and the other a weekend day. The second source is from the questionnaire in which respondents were asked about their 'usual'time use.
A unique feature of the data collection is that respondents were also asked about their and their partner's expenditures on three categories of goods, bought for their own consumption. The details of the expenditure module are given below. The module was designed by Jens Bonke and Martin Browning in collaboration with Denmarks Statistics who ran the survey. Browning, Crossley and Weber (2003) present a discussion of the pros and cons of us-ing information on 'usual'expenditures from general purpose surveys. The broad conclusion from their analysis is that although survey measures are noisy as compared to diary measures, they do contain a useful signal. The questionnaire also asked about personal and household characteristics as well as about the usage of domestic appliances and individual perception of their economic situation.
Finally, these survey data were linked to register (administrative) information from Denmarks Statistics on the respondent and partner, giving access to further personal and household information and information on housing. Particularly important in this respect is that the register data contains a wage measure for employed individuals that is constructed independently of the time use collected in the survey so that we do not have the familiar division bias when considering time use and wages. The DTUS is unique in having information on time use, individual expenditures and wages for the same household.
Time use
As well as keeping a time diary, respondents were asked about the time they normally spend on housework and in the labour market in a typical week. Housework time is speci…ed to include normal housework such as cleaning, laundry, shopping, cooking etc. and also gardening, repairs, other do-ityourself work and child care. 3 Market work time includes commuting. In general, it is observed that surveys asking about normal time use have a smaller variance, but perhaps a more imprecise mean of time use, see Juster and Sta¤ord (1991) . Diary information gives more precise means, but the variance is larger, especially when including time for home repairs etc. We have chosen to use normal time use rather than the diary information to avoid the very serious infrequency problems in the latter. We de…ne leisure to be the total time available (168 hours per week) minus 56 hours for personal care (sleep, washing etc.) minus market work and housework. In the Appendix we provide a comparison of the diary records and the normal times reported. Table 1 shows the time usage of couples, broken down by the work status of the two partners. We de…ne full-time market work to be at least 30 'normal'hours per week, including commuting time. Thus a respondent may be unemployed in the survey week and still report more than 30 hours per week of market work. Part-time work is not very prevalent in Denmark so that 'not full-time'generally means 'out of the labour force'(particularly for men). The 'neither full-time'group is mostly made up of older, presumably retired, couples. It is important to emphasise that although we are conditioning on having more than 30 hours of market work, there is considerable dispersion in the actual hours and we exploit this in our empirical analysis. Table 1 shows familiar patterns with men doing less housework than women who have the same work status, but with leisures being roughly equal (in mean) for those with the same status. Being full-time employed has a dramatic e¤ect on mean leisure with about 30 hours per week less for women and 35 hours less for men. For our purposes, a particularly important feature of the time uses shown is their wide within category dispersion, as shown by the standard deviations. Figure 1 shows the details of leisure for the 'both full-time'group. The left hand panels show the levels for wives and husbands. 4 . As can be seen there is considerable dispersion. The top right hand panel shows the wife's relative leisure, de…ned as the wife's leisure relative to the husband's leisure. The median and mean are 0:98 and 0:99 respectively but about 10% of couples have a leisure relative below 0:8 and 7% have above 1:25. The scatter plot in the bottom right panel indicates a positive correlation between the two leisures with a slope less than unity (the OLS value is 0:51 with a t-value of 14:9). There are many candidate explanations for this positive correlation, including assortative mating on wages (so that two partners with high wages will both take less leisure), assortative mating on preferences for leisure or complementaries in leisure.
In the following, we analyse only the sample of households in which both husband and wife work full-time in the labour market. This is to allow us to focus on the role of relative wages on the intrahousehold allocation of time and money. The analysis of the disparity in leisures between partners who do not have the same full-time status is left for future work. The load of housework for full-time couples (which we de…ne to include child care) naturally depends on the number and ages of children within the household. 
Personal expenditures
As mentioned above, the primary objective of the DTUS was to collect information on time use and we could only collect limited information on personal expenditures. The following questions were asked of the respondent: 'Other personal consumption'(for example: cigarettes, perfumes, games, magazines, sweets, bars and cinema but excluding transportation to and from work and food and drinks for the household).
The respondent was then asked the same questions for their spouse/cohabitant. It is very rare to have survey information on expenditures for individuals within the household and questions can be raised about the validity of the information obtained in this way. Fortunately, in Denmark we have a reliable survey of within household allocations from the Danish Household Expenditure Survey (DHES) 5 which can be used to check the validity of our responses. The DHES is a conventional diary based survey of expenditures with the unconventional feature that respondents keeping an expenditure diary record record who each item was bought for ('her', 'him', 'the household', 'children' and 'other'). 6 The DHES has detailed categories for these assignable goods. Comparing the information in our survey (the DTUS) and the DHES, we …nd that total expenditures on goods bought for the husband and wife in the DTUS are equal to about two thirds of the corresponding expenditures in the DHES. For 'clothing'and 'recreation', we …nd that the DTUS female mean expenditure shares are very close to the corresponding groups from DHES. 'Other personal consumption'in the DTUS corresponds to several consumption groups in the DHES with rather di¤erent female shares of consumption. Combining the information from these, the wife's share of consumption of 'other personal consumption'is not too far o¤ compared to the information from the DHES. We conclude that although the three commodities we use in the DTUS cover only about two thirds of assignable expenditures, the shares for the wife are similar across the two surveys. In future work we shall combine the information from both surveys but this raises statistical issues (mainly dealing with the infrequency in the DHES data and using complementray data sets) that would take us too far from the analysis presented here.
Many households did not give consumption information and some had missing wage information in the administrative data. In the end we have 615 households in which both partners are in full-time work and for which we have all of the necessary time use, expenditure, wage and demographic information. Appendix A.5 gives details of the sample selection. Table 3 presents the mean reported expenditures for husbands and wives. As can be seen, wives spend more (in mean) on clothing and less on recreation and other goods. The mean total …gures are very similar. In part this is due to rounding (if the exact di¤erences are small they are likely to be reported the same) and in part to having the same respondent reporting for both spouses (with a presumed bias toward reporting equal sharing). In the …nal column of the table we show the numbers of respondents (out of a total of 615 households) in which the reports are identical. Despite this bias toward equality and the coincidence of means, the two total measures are quite dispersed. Figure 2 shows the distribution of the wife's relative expenditure (her expenditure relative to his, with values above 3 set to that value). As can be seen the mode is unity (partially re ‡ecting the reporting bias) but 20% of households have an expenditure relative above 1:5 and 18% have a value below 1=1:5. Figure 3 shows the scatter plot of relative leisures against relative expenditures for our sample. This is at the heart of our research question. If within household heterogeneity dominates then, conditional on relative wages, the two relative measures should be negatively correlated. If, on the other hand, power dominates then the correlation should be positive. The scatter diagram shows a mild positive association (the OLS value is 0.029 with a t-value of 2.35) but this does not take account of di¤erences in relative wages nor does it wash out observable sources of variation. To do that we need a structural model.
Relative leisures and expenditures.
Theory
Allocation within the household
In this section we develop a simple model of the allocation of time and money within the household. We consider a two person household with A being 'she' and B being 'he'. The two members of the household sell labour on a labour market at …xed wages and they buy private goods which are distributed between the two partners. The members of the household also engage in housework which produces a public good that is consumed jointly. Table 4 presents our notation and the following equations give the constraints the household faces.
The value T gives the total time available for work and leisure; we think of this as being total time minus time spent on personal care (sleep, washing etc) and assume that the latter is …xed and is the same for the two partners.
In constraint (4) we assume that the household public good, Q, is produced with inputs of time and physical inputs for household production with F (:) smooth and F A , F B and F x (the partials with respect to the respective levels of housework and money inputs) all positive. This model is formally equivalent to the model of Chiappori, Blundell and Meghir (2005) with the public good being children's welfare. They present identi…cation results given that we observe x A + x B and x H , which we cannot assume given our data.
x A A's total expenditure on private goods x H Expenditure on household production Q Household public good
Household 'other income' We adopt the convention of denoting relative values by the notation without subscripts. For example:
A's relative wage = w A =w B Table 4 : Notation Given the constraints the household faces, we have to model how the two people make decisions over the ten choice variables:
We assume that each person has private preferences over their own goods, represented by the felicity function:
This formulation explicitly assumes that there are no externalities so that, for example, A's valuation of her leisure is independent of her husband's leisure. The 'no externalities' assumption is undoubtedly unrealistic but is widely used since it allows us to infer individual welfares from potential observables.
We will return to the discussion on complementarity in leisures below. We are also assuming that the two partners are indi¤erent between time spent in housework and time spent in market work. Furthermore, we assume that the two partners only enjoy time spent in leisure but do not attach any "process bene…ts"to housework or market work. If we wished to allow for di¤erential preferences over the two time uses then we would need to include h A in A's utility function, and similarly for B.
We extend preferences by allowing that each person cares for the other (or 'defers to' the other, to use a term suggested by Pollak) and that the respective social welfare functions for the household are given by:
where we shall assume that the weights A and B are non-negative. Given these preferences there are a number of ways of modelling the interactions between the two partners that lead to household outcomes. Here we adopt a collective framework in which the two partners agree that they will maximise the weighted sum of their individual social welfare functions to generate a household social welfare function, , according to:
where the second expression follows from a convenient re-normalisation, using (6) and (7). The Pareto weight for A, , is a composite of the distribution of power within the household (the parameter~ ) and the degree of caring (given by A and B ). This brings out explicitly that one person caring for the other has a similar e¤ect for observables as a lack of power. If we assume that the Pareto weight is a …xed constant then we have a 'unitary' model. As opposed to this, an important idea in the 'collective'framework is that the Pareto weight (which is here de…ned as the weight put on the woman's individual utility in the household utility function) is positively related to the 'power'of the wife. Generally, the intra-household distribution of 'power'may depend on so-called distribution factors. These are potential observables such as relative wages and extra-household factors such as the sex ratio in the population and unobservables such as the degree of caring and the personalities of the two partners. Given the constraints (equations (1) to (4)) and (8) we have the following four equations (the derivations are given in the Appendix):
From (11) and (12) we see that each partner acts as an individual for their choice of private consumption and leisure, conditional on a given level of Q. This is the familiar result that if there are no externalities then we can decentralise any allocation by a redistribution of initial endowments. In this case it is as though, given Q, A solves:
where y A is A's allocation of income for private expenditure and leisure. The term y A is known as the sharing rule in the intra-household literature. Note that we have:
so that the individual notional incomes sum to full income for the household, net of the costs of inputs to the public good. In the analysis here where we explicitly consider time use, the sharing rule is for the sharing of full income; that is, both time and money (net of expenditures on the public good).
A convenient parameterisation
In the following treatment of the model for the household equilibrium set out in equations (9) through (12), we focus on the …rst two of these conditions. These can be used to derive expressions for relative expenditure and relative leisure that we discussed in the introduction to this paper. This expression will generally contain the unobservable level of home produced good, Q, so that we have to assume some separability in the utility function in our empirical work. We choose to work with a particularly simple parameterisation that incorporates this assumption. As discussed in the introduction, this simple parameterisation allows us to derive key theoretical results and also to derive a tractable structural model to take to the data. The model also implies some over-identifying assumptions which we shall test. The value of having an explicit structural model for the empirical analysis is that it allows us to state our identifying assumptions clearly and it allows us to interpret the estimated parameters. However, the dependence on a particular functional form is problematic so at the end of this section we discuss the nonparametric identi…cation of the objects of interest. We assume that the utility functions are additive over the three arguments:
where, without loss of generality, we have normalised the preferences on the public good to be the same for both partners. This parameterisation has two major restrictions: the additivity and the use of power forms for consumption and leisure. The additivity is restrictive, but not as much as might …rst be thought. For example, it is reasonably well established that consumption and market work are complementary (see Browning, Hansen and Heckman (1999) for a survey of empirical results). This is usually assumed to be because there are costs of going to work and because agents can substitute housework for market goods in household production. The additive forms given in (13) imply the observed non-separabilities of total expenditure and market work; details are given in the Appendix A:2. Thus the additive form is more ‡exible than it …rst appears. The functional form taken implies that for a single person the Engel curves for private and public goods will be linear; this is undoubtedly a strong restriction but note that private goods are a composite commidity of individual goods and the linearity is not as restrictive as it may seem. The second restrictive feature of our parameterisation is the use of the power form. This is frankly for convenience since it allows us to derive closed form expressions for relative leisure and relative expenditure. If we took other forms then we would have four equations (for each partners level of leisure and expenditure) rather than two. The power form taken for the subutility function for leisure is to allow that labour supply in a unitary model may not be very responsive to changes in wages. Concavity requires > 0 and some leisure is always required if < 1. The parameter is formally the negative of the Frisch (or -constant) elasticity of leisure with respect to the wage; details are given in Appendix A:3. Reliable estimates of this parameter are in short supply (see Browning et al (1999) ) but a low value (of about 0:1) is thought appropriate. 7 Readers who are sceptical of this Frisch interpretation for the parameter should consider it as a convenient way to allow for ‡exibility in time use.
Within household heterogeneity is captured by the parameters A ; B ; A and B ; we postpone discussion of between household heterogeneity until the next subsection. From (9) we have:
where = A = B symbolizes A's preferences for private consumption relative to B's preferences for consumption. Denoting A's relative consumption by x we have:
The distribution of leisure in the household is given by (10) . It is straight-forward to show that A's relative leisure, l, is given by:
where = A = B is A's relative weighting for leisure. 8 We consider …rst comparative statics results for a unitary model. For variations in ( ; ; ) these are:
The …rst result states that A's consumption and leisure both increase if her Pareto weight increases. The other two pairs of equations show that we can sensibly interpret and as being pure consumption and leisure heterogeneity terms. More interesting is the e¤ect of changes in distribution factors for a non-unitary model. We denote the distribution factors by (z 1 ; :::z D ; w) = (z; w) where we distinguish between unspeci…ed distribution factors (the z d 's) and the relative wage. We have (denoting the partial of with respect to z d by d ):
and
8 Note that if we allowed the curvature parameter to vary across the partners then we would not have a simple form for the relative leisures.
Equations (20) to (23) have two interesting corollaries. The …rst considers the reactions to two di¤erent non-wage distribution factors, z i and z j . Dividing one by the other we have the following proportionality result:
This (24) is testable if we have at least two distribution factors.
The second interesting implication of the responses to changes in distribution factors is the result for the variation of the relative leisure, l, with respect to the relative wage, equation (23) . The …rst term on the right hand side is the familiar labour supply response which is the only e¤ect in the unitary model; we term this the unitary e¤ect. It is negative which implies that an increase in A's relative wage leads to a fall in her relative leisure. In a unitary setting the Pareto weight is una¤ected by the change in relative wages ( w = 0), so that she will be relatively worse o¤ (as compared to her husband) even though her relative wage has increased. Of course, she may be absolutely better o¤ since the total expenditure increases. If we assume that a higher relative wage increases the Pareto weight ( w > 0) then the second expression on the right hand side of (23) is positive. This represents what we term the collective e¤ect, over and above the unitary e¤ect. Formally the collective e¤ect will dominate if the elasticity of the Pareto weight with respect to the relative wage is greater than unity:
Once again, this is a testable condition. Finanlly, we note that the relative expenditure response to a change in the relative wage (22) is positive if the Pareto weight is positively related to the relative wage ( w > 0). In a unitary framework, relative expenditure is una¤ected by a change in the relative wage ( w = 0). This is also a testable restriction.
Complementary leisures.
A major weakness of the model developed above is that we have assumed away complementarities between female and male time use. Previous contri- (2004) is that jointness in the timing of leisure and housework is important. However, the evidence regarding the sign and size of the e¤ects of economic and demographic variables is somewhat mixed. To investigate how allowing for complementarities would a¤ect our results we use a simulation model based on the utility functions in (13) supplemented with a complementarity term in the following manner:
If > 0 then the marginal utility of leisure for each person is increasing in the other person's leisure. There are no closed form or tractable expressions for relative leisures given this form, so we have to resort to simulations. The parameter values used in the simulation are:
These values are, of course, somewhat arbitrary but they give values for time use and expenditures that approximate those at the mean of the data. Note that the two partners have identical preferences and productivities at housework. At = 1 the two partners have the same outcomes and we have that they take leisures of 0:51 and 0:59 without and with complementarity ( = 0 and = 2), respectively. This is as we would expect: introducing complementarities increases leisure. The value of = 2 is chosen to give a substantial increase of 16% in each person's leisure. What of the impact of introducing such strong complementarities on marginal e¤ects? In …gure 4 we present plots of leisures and relative leisures against A's Pareto weight, .
In each case we show the curves without and with complementarities. The left panel shows levels of leisures and the right hand panel shows relative leisures. As we would expect, increases in A's Pareto weight lead to increases in A's leisure and decreases in B's leisure. This is the case for both the situation with complementarity and the situation without complementarity. However, from the left hand panel we see that the vertical gap between the two curves is narrower for the situation without complementarity. Thus, introducing complementarity dampens somewhat the e¤ect of changing the Pareto weight. This can also be seen from the relative leisures in the right hand panel. But even so, there is still an e¤ect of changing the Pareto weight: at a Pareto weight of 2, A takes 15% more leisure than B if there is no complementarity and only 11.5% more if there is.We shall not explicitly allow for complementarities in our empirical analysis but we take these simulations to suggest that we can interpret our estimates as being reasonably tight upper bounds on marginal e¤ects.
Empirical speci…cation
In all that follows we assume the selection into our sample (both full-time employed) is independent of all other factors. This is a strong assumption (given the assumptions on heterogeneity made in the last subsection). An alternative would be to model the market work participation decision along with relative leisures and expenditures. Although this route is desirable, we shall leave this challenge for future work. A more conventional alternative would be to adopt some selection correction procedure. We choose not to do this since we do not have any credible candidate instruments for participation and any other selection correction procedure is too dependent on functional form assumptions. In our empirical work we concentrate on the female relative expenditure and leisure share, see equations (15) and (16) . We have information on wages, w A and w B , but we do not, of course, have any measures for , and . Turning …rst to the speci…cation of the preference parameters, we model A's relative taste for consumption and leisure, and respectively, as a function of a vector of household attributes, a, such as age and the presence of children and unobservable components:
We trun now to the speci…cation of the Pareto weight.
In the household allocation literature, it is usually suggested that the Pareto weight depends on a set of distribution factors including the di¤er-ences in age, education and wage between the two spouses as well as environmental factors as the population (or regional) sex ratio. All these factors impact each of the spouses opportunities outside the marriage and are therefore argued to a¤ect each of the partners 'power'within the marriage. For the empirical speci…cation of the model, we model in the following way (re-calling that w represents the relative wage):
where z is a D-vector of non-wage distribution factors. 9 The Pareto weight also depends on the degree of caring, as illustrated by equations (6)- (8) . In this formulation we exclude the preference factors, a, from the Pareto weight. If we allowed for their presence then we could not spearately identify the coe¢ cients in (27) , (28) and the pareto weight. . The degree of caring is unobserved, but there is a possibility that the degree of caring is also a¤ected by our distribution factors. In our empirical application, we are not able to distinguish between the e¤ects of the factors captured by z through the Pareto weight and through the caring factor. The unitary e¤ect outweighs the collective e¤ect in equation (23) if w < 1 (see (25) ). The variable " is a zero-mean error term which captures other factors a¤ecting which we have not been able to account for explicitly with our data.
Before substituting these parameterisations into the equations derived above we have to take account of the fact that we only observe a subset of expenditures by each partner. If we let x denote the 'true'relative expenditure and x be the relative expenditure calculated from the subset of goods we observe then we de…ne implicitly a factor by:
The factor varies across households. Our model above relates to x but our empirical modelling uses x.
Entering (29), (27) and (28) into (15) and (16) (allowing for equation (30)) and taking logs, we have the following pair of structural equations for the shares of observables:
Our primary parameters of interest are the Pareto weight parameters ( 0 ; ; w ). This structural system has a system of linear reduced forms:
Although parameter is identi…ed if we have estimates of the reduced form parameters, we do not feel con…dent in the estimate since it is a parameter that governs intertemporal allocation and we have only cross-section data.
Consequently we shall present results with a priori plausible values for .
If we …x then all of the parameters of primary interest are identi…ed from either equation, except for the intercept 0 . The result that we cannot identify the 'location' of the Pareto weight is generic; as Bourguignon et al (2005) show, we can only identify the Pareto weight if we observe the allocation of all goods to each partner. If we take a particular value for then this gives the following D + 1 cross-equation restrictions: 
where i l is the ith element of l . These restrictions are a test of our maintained assumptions. Finally we note that if we assume that " ; " and are distributed independently of each other then we expect a positive correlation between the errors in the two reduced form equations, through their dependence on " .
To close this section we consider the identi…cation of our parameters of interest. Since we do not have panel data we necessarily have to make strong assumptions concerning the unobserved heterogeneity. The strongest assumption is that both the composite errors " x and " l are uncorrelated with the right hand side variables in the two equations. For some of the components this is unobjectionable. For example, the assumption that the mismatch between true expenditure shares and observed expenditure shares ( ) is uncorrelated with a preference factor such as age is probably innocuous. The strongest element of our identifying assumption is that wages are uncorrelated with " which captures relative preferences for work. We might well expect that a high taste for work leads to higher wages, all other observables (such as education) being considered. In the intrahousehold literature we are forced to make this exogeneity assumption for want of a decent instrument for wages. Since we have two equations and cross-equation restrictions, we can test for this in our framework. Suppose that:
where" l is uncorrelated with ln (w), z and a. Then the log relative wage in equation (34) is exogenous if and only if = 0. Substituting (37) into (32) gives: ln l = :::
In this case, the test for the restriction in (36) can be viewed as an exogeneity test. If we reject exogeneity then we only impose estimate (35) to derive our estimates of the structural parameters. Note, however, that the test depends on the value of we assume and we can always choose a value for the latter that makes the estimate of exactly zero.
Heterogeneity
In our empirical work we use a cross-section of Danish households. In this subsection we discuss informally how heterogeneity in the population relates to observables such as the distribution of private expenditures within the household. In our data we observe 10 :
We also observe demographics such as the age, education and work status of the partners, household composition (mainly the number and ages of children) and household income. In our empirical work below we shall concentrate on the female relative leisure, l, and household expenditure, x. In particular, we will investigate how these variables relate to observable characteristics and to each other through unobservables. We begin our discussion assuming that we have a sample of households from a population who all have the same observable characteristics, including wages w A and w B . In the model of the last subsection, equations (15) and (16), we had three parameters for each household: f ; ; g. These parameters are distributed across our population. Given particular assumptions on the joint distribution of household parameters, we ask what are the implications for the joint distribution of fx; lg for the population? The important implications are the following.
Proposition 1
If there is variation in power across the population so that has a non-degenerate distribution and is independent of then x and l will be positively correlated.
This corresponds to the case in our introduction in which variations in expenditure and leisure shares derive from variations in the 'power'parameter . The converse case is given by:
Proposition 2 If there is no variation in but and are negatively correlated then x and l will be negatively correlated.
That is, if the relative taste (between husband and wife) for leisure and the relative taste for private expenditure are negatively correlated then shares will also be negatively correlated. This corresponds to the 'taste di¤erence' case discussed in the introduction. In general, of course, we must allow that all three factors are heterogeneous and interdependent.
Having considered unobserved heterogeneity we can now consider observable heterogeneity. In our sample, households di¤er widely in their observable characteristics and we have to allow that the household parameters depend on these. To accommodate this, we assume that the parameters depend on observables. In the case of the Pareto weight , the dependence is on what are termed distribution factors as well as on unobservable factors. Candidates for the observable distribution factors are household income and the relative wages, relative ages and relative educational levels of the two partners. The unobservables could include, for example, the outside options the two partners have (contained in~ in equation (8)) and how much they care for each other ( A and B in (6) and (7)). The other two parameters, and , are taste parameters that may depend on unobservables such as the idiosyncratic taste for work and an observable vector of preference factors such as the age and education of the two partners and the presence of children.
Nonparametric identi…cation.
As we have seen, the functional forms we have assumed lead to particularly simple forms for the relative leisure and expenditure equations, see (31) and (32). These linear forms are the result of two sets of parametric assumptions. The …rst is the choice of utility function in (13) which leads to the multiplicative forms for expenditure and leisure shares, see equations (15) and (16) . The second set of assumptions are the linear forms in equations (29)- (28) . We now discuss how dependent identi…cation of the parameters of interest is on the choice of functional form; that is, nonparametric identi…ca-tion. To do this, it su¢ ces to consider the case with two distribution factors (D = 2) and one preference factor, a. It is also convenient to work with the log Pareto weight,~ = ln . The principal 'parameters of interest' 11 we consider are the e¤ects of the distribution factors and relative wage on the log Pareto weight, (~ 1 ;~ 2 ;~ w ). In the linear parametric form given in (29) we have~ 1 = 1 ;~ 2 = 2 and~ w = w so that the parameters of interest are identi…ed directly if we have estimates of the linear coe¢ cients. The question is whether this identi…cation is solely due to the parametric assumptions we have made.
To consider nonparametric identi…cation, we take the general forms for the relative shares given by:
x = f (a;~ (z 1 ; z 2 ; w; " ) ; " ; " ) l = g (a; w;~ (z 1 ; z 2 ; w; " ) ; " ; " )
where, as before, (" ; " ; " ) is a triplet of unobservable factors. Here we assume that the relative wage only a¤ects the relative expenditures through the Pareto weight. If we assume that the observables (a; z 1 ; z 2 ; w) are stochastically independent of the unobservables then a conventional nonparametric identi…cation result gives that we can estimate consistently the relevant reduced form partial derivatives such as @x=@z d and @l=@w. 12 These partials are related to the parameters of interest by:
Although we have as many equations as unknowns (f , g , g w ,~ 1 ,~ 2 ,~ w ) the Jacobian of the mapping from observables to unobservables is singular and we cannot recover point estimates of the parameters of interest. Even assuming that g w is known does help matters. From the expenditure share equation all we can recover are ratios of the partials of the log Pareto weight, for example:
There is also some over-identi…cation:
that parallels (35). From this analysis we conclude that our parametric assumptions do aid identi…cation in a fundamental way. The precise gain is that we go from the nonparametrically identi…ed ratios of derivatives to the actual derivatives.
To …nish o¤, we consider partial identi…cation in the sense of Manski (2003). If we assume that an increase in A's Pareto weight increases her share of expenditure and leisure (f > 0 and g > 0) then we have that
This establishes that we can nonparametrically identify sets of values for the parameters of interest (albeit quite large ones since they are open half lines). Thus any conclusions regarding the sign of the e¤ects are not dependent on the parametric assumptions we have made.
Results
Parameter estimates and tests
We …rst present the estimates for a completely unrestricted model, see Table  5 . The estimation was performed using a SURE estimator. A number of features of these estimates deserve attention. First, the children variables are insigni…cant in both equations. It is important to emphasise that the latter …nding for the leisure equation does not imply that mothers and fathers do the same amount of child care (here classi…ed as housework); for example the estimates are consistent with mothers doing more child care and fathers doing more market work (a common …nding in the literature for young children) or more other types of housework. Second, the parameter estimates for log wages in the expenditure equation are of very similar absolute magnitude but opposite sign (see the footnote following equation (29)). Third, the age variables in the two equations sum to close to zero and are signi…cant in the expenditure equation. Fourth, the education variables enter with the same sign within each equation.
Before moving on to the structural estimation it is worth testing for some restrictions on the reduced form; speci…cally, whether we can replace the levels of his and her variables by their di¤erence. More speci…cally, we test whether the coe¢ cient to the wife's wage is equal to the negative of the coef…cient to the husband's wage etc., as our …rst look at the estimates suggests. We test these restrictions on both equations jointly. The 2 (2) statistics for these within-equation restrictions on the log wages, age and education are 4:69; 2; 33 and 19:94 respectively (with probabilities of 9:6%, 31% and 0 respectively). 13 Consequently we impose the …rst two restrictions on the reduced form; parameter estimates are given in Table 6 . As can been seen, the coe¢ cients Table 5 : Estimates of unrestricted model on other variables do not change signi…cantly and the di¤erenced variables are more 'signi…cant'. Thus the reduced form estimates point toward relative wage having a positive e¤ect on the relative expenditures and a negative e¤ect on relative leisures. The di¤erence between her age and his age has a negative e¤ect on relative expenditure implying that the oldest of the spouses has a relatively smaller expenditure share. Finally, note that the R 2 is low for both equations and that there is signi…cant positive correlation between the errors in the two equations. We turn now to the interpretation given the structural model derived above.
Structural estimates and implications
When we consider the theoretical restrictions on the reduced form equation estimates we have to decide which right hand side variables are distribution factors and which are preference factors. For the former, relative wages and household gross income are natural candidates since they are not usually taken to be preference factors and hence should only enter the expenditure equation through the Pareto weight. Conversely, the children dummies can reasonably be taken as preference factors since they impact directly on the )) we also choose to take the di¤erence in age as a distribution factor; this does not rule out that preferences depend on age but simply that the dependence is the same for husband and wife. We leave the classi…cation of the education variables to the data. If we do not impose exogeneity of the relative wage in the leisure equation (see equation (38)) then we have two restrictions (for the di¤erence in age and log household income). To test we take a value for the curvature parameter of = 0:1, which is in line with -values found in other empirical studies.
14 The value of the 2 (2) test statistic for the restriction given in equation (35) is 1:81 (probability = 40%). We impose these two restrictions and then test for (36). Given that we assume that relative wage is a distribution factor, this is a test for the exogeneity of log relative wages in the relative leisure equation. The 2 (1) statistic for exogeneity is 2:69 (probability = 10%). Given that this is marginally signi…cant we shall present results with and without exogeneity. The …rst and second set of columns in Table 7 Our main parameter of interest is the coe¢ cient for the log relative wage. As we would expect the e¤ect is stronger when we impose exogeneity (compare the estimates of 0:189 and 0:213 in the expenditure equation) but for both cases it is positive in the consumption equation and negative in the relative leisure share equation. As we recall from (22) , the relative wage only a¤ects relative expenditure through its positive e¤ect on the Pareto weight, see equations (25) and (32). This is evidence in favour of the collective model. The fact that the relative wage is negative in the relative leisure equation is not contradictory to the collective framework, but on the other hand a positive e¤ect would have given extra evidence in its support. However, a negative e¤ect means that the unitary e¤ect outweighs the collective e¤ect for leisures, see (23) .The di¤erence in age has a negative e¤ect on the Pareto weight so that wives who are older than their husbands have less power. Finally, the level of gross household income has a positive e¤ect suggesting that wives do better in high income households but note that this e¤ect is statistically weak. We interpret our results as being consistent with a nonunitary, collective framework as a suitable description of household decision making for expenditures and time use. Figure 5 shows the implications of our estimates in graphical form, with exogeneity of relative wages imposed. Since the intercept for the Pareto weight is not identi…ed (see the discussion preceding (35)) we take the relative expenditures to be unity when the wages and the ages are the same and household income is at the mean of the data. The variation in relative wages on the x-axis is from her wage being half of his (ln w = 0:65) to her wage being 60% higher than his (ln w = 0:5). The variation in relative expenditures over this range for medium income households is from around 0:86 to 1:11 so that changes in relative wages lead to substantial changes in expenditure shares: an elasticity of 0:22. The upper and lower lines show the responses for changes in household income of one half of the mean to twice the mean; these are also substantial (about 0:89 to 1:09) but recall that these are imprecisely estimated. The results for the e¤ect of relative wages on relative leisures are a compound of a unitary e¤ect (here …xed to be 0:1) and a collective e¤ect. For the latter the coe¢ cients are the same as for relative expenditures except that the coe¢ cient is multiplied by = 0:1 (see (31) and (32)). The unitary e¤ect elasticity is 0:1 (by assumption) and the collective e¤ect elasticity is +0:02 so that the net elasticity is 0:08:
for the coe¢ cients on the distribution factors. As we have seen the …ts of our reduced form equations are rather poor ( 2:7% and 3:9% for expenditures and leisures respectively) and most of the variation in relative expenditures and leisures is unexplained. If we are willing to make strong assumptions concerning the error terms in (31) and (32) then we can decompose this latent variation into that part which is due to the unobserved variation in Pareto weights and the part due to measurement error and unobserved preference factors. To do this we assume:
Under these assumptions the variances of (" + ), " and " are identi…ed from the error variances 
for expenditures and leisures respectively. Thus about 30% of the unexplained variation in relative expenditures can be attributed to variations in power but only a fraction (0:3%) can be attributed thus for the leisure relatives.
Conclusions
This paper treats the interactions between the allocation of time and the allocation of expenditure within the household. We develop a simple collective model with household production which allows us to bring out the main theoretical issues and also to discuss explicitly issues of accounting for heterogeneity, measurement error and exogeneity in our empirical work. We show that if there is no wage variation across households and there is heterogeneity in power and uncorrelated heterogeneity in preferences over work and private goods then relative expenditures and relative leisure will be positively correlated. Conversely, if there is no variation in power and preferences for work and private consumption are negatively correlated then the relative expenditures and leisures will be negatively correlated. We show how variations in wages across couples modify these predictions. For our parameterisation, the e¤ects of changes in relative wages can be decomposed additively into a unitary e¤ect and a collective e¤ect. In the relative expenditure equation, the unitary e¤ect is zero, so only the collective e¤ect is in play. In the relative leisure equations, both e¤ects are operating, see (23) . These two e¤ects have opposite signs so that the net e¤ect is ambiguous. Finally, we provide a general proportionality test for a collective model in which all outcomes are e¢ cient. Although we present theoretical results, the main contribution of our paper is to provide an empirical analysis of the intra-household allocation of time and money, making use of a unique data set with information on both time use, assignable private expenditures and individual wages for more than 600 households. Even though we have a relatively small sample and noisy data some strong signals come through loud and clear in the empirical analysis. In the raw data, leisure and assignable expenditures are relatively equal for husbands and wives in the mean, but there is a great deal of heterogeneity across couples. We …nd that wives who have more leisure also have higher expenditures, without controlling for any observable covariates. In a reduced form analysis we …nd that relative wages have a signi…cant and positive effect on relative expenditures and a signi…cant and negative e¤ect on relative leisures.
Turning to our structural model, we …nd that tests for a collective model do not reject. We also …nd that age di¤erences and gross household income can be treated as distribution factors. The evidence on the exogeneity of relative wages in the relative leisure equation is marginal but the conclusions are much the same whether or not we treat relative wages as exogenous in that equation. In terms of observables, distribution factors have a large impact on relative expenditures but only a small (albeit, statistically signi…cant) impact on relative leisures. Thus moving from the wife having a wage that is half her husband's to having a wage that is double increases her share of assignable expenditures by about 25%. The same variation decreases her relative share of leisure by about 8%, most of which can be attributed to the unitary e¤ect. Most of the variation in observed relative expenditures and observed relative leisures is unexplained. Under strong assumptions we conclude that about 30% of the unexplained variation in relative expenditures is due to variations in unobserved power but almost none of the unexplained variation in leisures can be accounted for by variations in power.
A Appendix
A.1 Derivation of theoretical results
Given the household utility function: 
which is maximised with respect to the six control variables (x A ; x B ; l A ; l B ; m A ; x H ). Assuming interior solutions 16 we have the following …rst order conditions: In our data, we do not observe anything about the output of the public good produced, so we cannot hope to use the conditions on the marginal productivities F A ; F B and F x . Rearranging the …rst-order conditions, we end up with the four equations (9)- (12) in the text.
A.2 Derived preferences over total expenditure and market work
We here show that if preferences over consumption, leisure and the home produced good are additive then derived preferences over total expenditure and market work have 'consumption'non-separable from market work. Suppose we have a single person with the utility function u (x; Q; l) and access to home production Q = F (h; y) where h is housework and y is expenditure on home production. Time use satis…es the constraint: m + l + h = T . We de…ne a derived utility function over total expenditure, c = x+y; and market work, m, by:
V (c; m) = max 
That is, the total expenditure, c, is divided optimally between direct consumption (c y) and home production (y) and housework is chosen optimally, given the market work level, m. By the envelope theorem we have:
V c (c; m) = u x c ŷ; F ĥ ;ŷ ; T ĥ m
where subscripts denote partial derivatives. Taking derivatives with respect to m we have:
If we impose additivity on u (:) this gives:
which is positive if housework and market inputs to home production are substitutes ( @ŷ @m < 0). Thus consumption (c) and market work (m) are complements in the derived utility function.
A.3 The interpretation of the leisure curvature parameter
Once again we consider a single agent and we ignore home production. Our parameterisation (13) has:
u (c; l) = ln c + 1
Denoting wage by w the …rst order condition is:
where is the marginal utility of consumption. Using the parameterisation and normalising the total time available to unity (l + h = 1), we have the following closed form for the Frisch (or -constant) labour supply function:
The Frisch elasticity is then given by:
if we assume that full-time work is about h = 1=3. Generally the left hand side elasticity is thought to be small with values of 0:1 0:2 thought to be plausible, so that values of around 0:05 0:1 are probably reasonable for .
A.4 Data selection
The initial data set consists of 1767 couples. Of these couples, we have information on hours spent in the labour market, in household production and in leisure for 1522 couples. In our analysis we con…ne ourselves to looking at couples where both work full time, that is 813 couples. For a little more than 100 of these, we have no information on wage rates for both spouses in the household. We also have to have information on assignable consumption on clothing, recreation and other personal consumption for both partners in the household. For a good 50 of the couples, this information has not been given in the questionnaire. Finally, we drop a small number of outliers and end up with the data set used for this analysis of 615 couples. 
A.5 Summary statistics
